Structural and functional reconstitution of thin filaments in skeletal muscle.
Thin filaments were reconstituted by incorporating exogenous actin, tropomyosin and troponin into glycerinated skeletal muscle fibres or myofibrils. Firstly, thin filaments except short fragments at the Z line were selectively removed by treatment with plasma gelsolin, an actin severing protein. As a result, the fibres (or fibrils) lost the ability to generate active tension. Next, actin filaments were reconstituted by adding purified G-actin which polymerizes onto the actin fragments which remained at the Z line. Rhodamine phalloidin staining of myofibrils showed that exogenous actin was incorporated into the position where the intrinsic thin filaments located. Thin section electron micrographs of fibres showed that reconstituted actin filaments ran from the Z line to the inside of the A band, with some reaching the H zone. The number density of reconstituted actin filaments in the A band was about 20% of that found in intact fibres. The actin filament-reconstituted fibres (or fibrils) generated active tension in a Ca(2+)-insensitive manner and the tension was reversibly suppressed by 2,3-butanedione 2-monoxime. The recovered active tension was about 20% of tension developed by intact fibres. These results indicate that reconstituted actin filaments bear active tension similar to that borne by intact thin filaments. Thin filament-reconstituted fibres, which were prepared by adding purified tropomyosin-troponin complexes into actin filament-reconstituted fibres, showed Ca(2+)-sensitive tension generation. The maximum tension generated was not affected by the presence of tropomyosin and troponin. SDS-PAGE analysis showed that more than 25% of actin and 20% of tropomyosin and troponin was incorporated into the reconstituted fibres. These results indicate that the structure and function of thin filaments are substantially reconstituted by self-assembly of actin, tropomyosin and troponin. The reconstituted fibres and fibrils will be useful for studying the molecular mechanism of muscle contraction and its regulation.